The 35 C1 NQR spectra of the two phases (phases I and II) of 2,3-dichloro-l,4-naphthoquinone were studied from 77 to 394 K. The crystal structure determination of the triclinic phase (phase I) was refined by single crystal X-ray diffraction. Phase I crystallizes in the space group C/-P1. The unit cell (Z = 4) has the dimensions a = 1614.3(4) pm, 6 = 828.1 (3) 
Introduction
The existence of two solid phases of 2,3-dichloro-1,4-naphthoquinone (2,3-Cl 2 -l,4-O 2 C 10 H 4 ) is reported in [1, 2] , Phase I grows from toluene solution and crystallizes triclinic (space group C/-PT). The crystal structure of I was determined by Metras [1] . The second modification of C 10 H 4 Cl 2 O 2 , phase II, is orthorhombic (space group C 2v -Pb2 1 a), Z = 8. It is obtained by growing the crystals from the melt. Ikemoto et al. [2] determined the crystal structure of II. The main structural difference between the two solid phases is the relative orientations of the neighbouring molecules to each other. A molecule of 2,3-Cl 2 -l,4-O 2 C 10 H 4 has a permanent dipole moment p. directed along its twofold molecular axis. In the triclinic phase I two neighbouring molecules are connected by a common centre of symmetry whereby the molecular dipole moments are cancelled. In the orthorhombic phase II all molecular dipole moments are directed nearly parallel, creating a net dipole moment of a crystal of 2,3-Cl 2 -l,4-O 2 C 10 H 4 .
In this paper we report on 35 C1 NQR experiments on polycrystalline 2,3-Cl 2 -l,4-O 2 C 10 H 4 (I and II) and on the pyroelectricity of II. The crystal structure determination [1] of I has been refined at 298 K.
Experimental
Preparation 2,3 -Dichloro -1,4-naphthoquinone, 2,3 -CI 2 -1,4 -10 H 4 (Aldrich Chemistry, 98%) was purified by sublimation in vacuo, and thereafter by recrystallization, once from ethanol and three times from toluene. Phase I was obtained by crystallization from toluene and II was grown from the melt by Bridgeman technique.
For the determination of the pyroelectric coefficient, crystals of II were cut in thin slices with the normal of the plates parallel to the polar axis (A-axis).
C/ NQR
The 35 C1 NQR spectra of the two phases were registered as functions of temperature by use of a pulsed NQR Fourier Transform (FT) spectrometer. The measurements of v( 35 Cl)=/(T) were done by heating or cooling the sample to the desired temperature with a stream of temperature regulated N 2 gas or air. The temperature at the sample was measured with 0932-0784 / 90 / 0300-273 S 01.30/0. -Please order a reprint rather than making your own copy. The numbering of molecule 2 is identical exept the numbers are pointed. Molecule 1 -»molecule 2:
a copper-constantan thermocouple to +0.3 K. The frequencies measured are accurate to +0.003 MHz. 
Differential Thermal Analysis

Crystal Structure Analysis
The crystal structure of I was determined by the single crystal technique at room temperature using Mo Ka-radiation. The experimental details and the crystallographic data are given in Table 1 .
Pyroelectricity
For the determination of the pyroelectric coefficient, at constant stress x, p x of crystalline solids, single crystals were cut in thin slices with the normal of the plate parallel to the polar axis. Then
where A is the area of the crystal plate, T its temperature, t the time, Q the electric charge, / the current, U the voltage, and R the electric resistance. For a given p x , the voltage measured on the resistance R is proportional to the area of the crystal plate and to the variation of T with time. The crystal plate was contacted, with an air drying silver paste, and connected to the measuring circuit. The following, most common two methods of creating dT/dt and measuring U were used [3] A periodic dT/dt was generated via a Peltier element [5] .
Results
Crystal Structure of Phase I
In Table 1 the crystallographic data of I are given together with some experimental details. Table 2 lists Table 2 . Positional and thermal parameters (with standard deviations) of 2,3-dichloro-l,4-naphthoquinone, phase I. The temperature factors are of the form: (3) 488 (10) 413 (9) 880 (14) -304(9) -126(9) -92 (7) 0 (4) -0.0564(1) 0.5861 (2) 0.2704 (3) 515 (10) 438 (9) 865 ( (1) 571 (4) 386 (3) 675 (4 (8) the positional and thermal parameters of the atoms in the unit cell.
Cl NQR
The temperature dependence of the 35 C1 NQR frequencies of I is plotted in Figure 1 . Phase I shows a four line spectrum with equal intensity for each line throughout the range 77 ^ T/K ^ 394. The frequency difference between v 3 and v 4 is small; at 77 K it is 17 kHz, but the difference decreases with increasing temperature to a hardly resolvable doublet with Av = 3 kHz.
Phase II gives a four line 35 C1 NQR spectrum too, which is plotted as a function of temperature (77 fS T/K ^ 394) in Figure 2 . There are no discontinuities in the v( 35 Cl)=f(T) curves for both phases. The temperature dependence of the 35 C1 NQR frequencies was parameterized according to 35 C1 NQR frequencies of 2,3-dichloro-l,4-naphthoquinone (phase II) as a function of temperature. the coefficients a, being listed in Table 3 . Table 4 gives frequencies at selected temperatures for both phases. An assignment v( 35 Cl) <-• atomic position is not possible, even not qualitatively. One recognizes that in both phases there are two groups of frequencies , v 2 , and v 3 , v 4 ), but there is no possibility (NQR on polycrystalline material) to relate these frequencies to certain chlorine atoms Cl (2) , CI' 2 '» and Cl (3) , Cl (3,) of the molecular structure.
i(8)
,
Pyroelectric Coefficient of Phase II
The pyroelectric coefficient p x was studied on six different crystal plates (area of the crystal plates: A = (18-46) mm 2 , and thickness of the crystal plates: J = (0.7-1.0) mm) in 100^T/K^ 344. In Fig. 3 
Discussion
Crystal Structure and 35 CI NQR
In the following, we first discuss the 35 C1 NQR spectra and the crystal structure of 2,3-Cl 2 -l,4-O 2 C 10 H 4 in I.
Bray et al. [6] reported a single NQR line (v(77 K) = 37.114 MHz) for I. In contrast, we observed a four line 35 C1 NQR spectrum, with equal intensities, in the whole temperature range studied (77 ^ TjK fS 394). The smooth curves v i =f(T)(i = 1, 2, 3, 4) are characteristic for a solid without a phase transition over the temperature range covered.
The crystal stucture of I is reported in [1] . Metras described the structure of I within the centrosymmetric space group C/-PT with Z = 4. His least squares refinement led to a reliability factor R = 0.114. The unit cell contains two molecules in the asymmetric unit and therefore four crystallographically dif- , The correlation of the NQR frequencies with the C-Cl bond lengths for chlorine bound to an sp 2 Catom [8] shows that the C-Cl bond lengths are in the range 169 ^ d/pm ^ 174.
We repeated the crystal structure determination of Metras [1] ; the centrosymmetric space group C/-P1 was observed, too, with r = 3.41%. The size of the unit cell measured is in agreement with the reported lattice constants [1] Fig. 4 the arrangement of the four molecules within the unit cell is shown in projection along the c-axis onto the plane (ab). There are two molecules in the asymmetric unit (molecules 1 and 2). The molecules at site 1 are stacked along the c-axis (c = 733.2 pm) to form one molecular column, and those at site 2 form a second column, also along c. The column formed by the molecules 1 has its axis along (x = 0, y = 0, z), the column built by the molecules 2 along (x = l/2, y=l/2, z). The arrangement of the molecules in each column is significantly different from that in the orthorhombic form (II) [2] .
All the molecules can be considered to be approximately planar. The best planes through the carbon atom skeleton of the naphthalene system are listed in Table 5 , including the deviations of the atoms from these planes. The angle between the two planes (1 and 2) is 2.98°. The deviation of the atoms Cl (2) , Cl (3) , 0
(1) Fig. 4 . Projection of the crystal structure of phase I of 2,3-dichloro-l,4-naphthoquinone along the c-axis onto the plane (ab).
A few atoms of the molecules (1 and 2) for which the coordinates are given in Table 2 are named (the molecules are marked by 1 and 2). ,120 2(13) J^" Table 6 .
Phase II of 2,3-Cl 2 -l,4-O 2 C 10 H 4 , which crystallizes in the orthorhombic polar space group C 2v -Pb2 1 a with Z = 8, shows a four line 35 C1 NQR spectrum, too. Again, there is no discontinuity in the v, = f(T) curves  (i= 1, 2, 3, 4) . The results of the NQR spectroscopy are in complete agreement with the crystal structure of II [2] , The 35 C1 NQR spectra of the two phases (I and II), see Figs. 1 and 2 and Table 4 , furthermore show that the molecular geometries in both phases are nearly the same. From our measurements on polycrystalline samples no assignment of the individual 35 C1 NQR frequencies to the four chlorine atoms in the two molecules of the asymmetric unit (both phases have two molecules in the asymmetric unit) is possible. II) is as large as 348 kHz at 77 K and 408 kHz at 293 K. This shows that, without a knowledge of the crystal structures, differences of 500 kHz in the 35 C1 NQR frequencies for chemically equivalent chlorine atoms bound to carbon are out of a quantitative discussion and the "loose" description of such an observation as due to crystal field effects is appropriate.
The dependence of the NQR frequencies (at 77 K) on the bond lengths C-Cl for chlorine atom bound to an sp 2 carbon atom gives quite a satisfactory correlation as found for chloro-2,5-cyclohexadiene-l,4-diones and chloro-2,5-cyclohexadiene-l-ones [8] , The 35 C1 NQR frequencies (at 77 K, see Table 4 ) of the two phases (I and II) of 2,3-Cl 2 -l,4-O 2 C 10 H 4 and the corresponding intramolecular distances (see Fig. 5 ) correlate quite well according to the theory:
For a number of chloro-cyclohexadiene-diones and chloro-cyclohexadiene-ones, we find [8, We are grateful to the Stiftung Volkswagenwerk and to the Founds der Chemischen Industrie for support of this work and to Dr. H. Paulus for collecting sets of X-ray diffraction intensities.
